and does it occur in other clusters? Existing data are inconclusive on these points.
If attention is restricted to the nucleus of the cluster, a homogeneous sample of stars may be provided. The basic features are a small spread in B-V with no evidence of any trend with magnitude, a range of 0 m .6 in V, and a slight thinning out as brightness increases.
A simple explanation for the clump appears to follow from an analogy with the horizontal branch of globular clusters, namely that these red giants are in a post heliumflash phase of evolution, with two energy sources, a He-burning core and an H-burning shell. This was originally suggested by comparison with the horizontal branch models of J. Faulkner, 8 but the identification was tentative because no theoretical models were available for the composition and masses appropriate to old open clusters. New models which fully support this identification will be described in the following paper by D. J. Faulkner.
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The principal observational properties of the clump which have to be explained are as follows:
(1) The existence of the clump, which implies a slow phase of evolution lasting about 2.10 s years for clusters of all ages.
(2) The position of the clump, typically at Mv = + 1 , B-V = +1.0, corresponding to log L/L® = 1.6, log T e = 3.70.
(3) The size and shape of the clump, which typically covers ranges of zllog L/L® = 0.25, zllog T e ;g 0.02.
(4) The constancy in position of the clump from cluster to cluster, for cluster ages from 3.10 8 to 10 10 years, corresponding to red giant masses from 2.25 to 1.0 M® .
This last property appears ultimately to be observational evidence that electron degeneracy occurs in the cores of red giants with masses <2.25M® , as found theoretically by Iben. 4 All such stars are expected to undergo the He flash, and to begin He-burning evolution with the same core mass, almost independent of the total mass. The luminosities of the clump models are also almost independent of total mass, although they are dependent on core mass. 1 
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In the preceding paper, Cannon 1 has outlined the observational evidence for the existence of a distinct concentration of stars near the base of the red giant branch in intermediateage galactic clusters, which he tentatively identifies with the core helium burning phase of evolution occurring after the helium flash. This paper reports preliminary results of evolutionary calculations to test this identification.
Since the computation of hydrogen shell-burning evolution up the red giant branch is extremely time-consuming, the present calculations have been commenced at the stage immediately following the helium flash. It is assumed that no overall mixing occurs at the flash, so that the composition discontinuity at the hydrogen-burning shell remains sharp. The initial stellar composition was set at (X, Y, Z) = (0.68,0.30,0.02), corresponding to Population I material. Each initial clump-star model is characterized by two parameters, M, the total mass of the star (which is known only approximately from a comparison of cluster observations with theory), and M c , the mass contained within the hydrogen-exhausted core (which is also known only approximately since the red giant evolution to the helium flash has not been performed in every case). Two values were chosen for M (1.5 M® and 2 M®) and two for M c (0.4 M® and 0.5 M®), and initial clump-star models were obtained for all four combinations. The locations of these models in the Hertzsprung-Russell diagram are indicated in Figure 1 . It will be seen that all four fall close together. The position of a model is almost independent of total mass M, but the luminosity increases slightly with increasing core mass M c .
For each of these initial models the hydrogen shellburning remains the dominant energy source. Heliumburning in the convective core contributes only 12-13 per cent of the luminosity for the M c = 0.4 M® models and 21-23 per cent for M c = 0.5 M®. The extent of convection in the helium core ranges from a mass fraction of 0.046 for the (2 M®, 0.4 M®) model, to 0.080 for the (1.5 M®, 0.5 M®) model. Neutrino energy losses were calculated, but were less than 0.025 per cent of the luminosity in all cases.
One further matter requiring attention is the effect of the hydrogen abundance profile at the shell-source on the initial models. (Since we have not followed the evolution through the helium flash, this profile must be arbitrarily imposed on the model.) To check this, two short sequences of models were computed starting with linear profiles which differed in steepness by a factor of 10. It was found that in both cases the hydrogen shells burnt to profiles which were indistinguishable, and that the time taken to do so was negligible in terms of the helium core-burning evolution. Thus our arbitrary starting procedures are quite adequate. The initial clump models described above all refer to the time when the hydrogen shell-source had just settled down in this manner.
The evolution of the (1.5 M®, 0.4 M®) initial clump model was followed throughout the entire core heliumburning stage to near helium-exhaustion. This necessitated the treatment of a new type of semi-convection, which has been found outside helium-burning cores (Schwarzschild and Harm, 2 Schwarzschild, 3 Paczyriski 4 ). It occurs because the convective core mass increases as evolution proceeds, giving an increasing abundance discontinuity at the boundary. Furthermore the temperature and pressure at the boundary are such that the carbon-oxygenrich products of the burning have a higher opacity, and are therefore more convective than the helium-rich material itself. This being so, the convective core is able to extend outwards by overshooting. Carbon and oxygen are mixed into regions outside the old core boundary causing them to become convective, while at the same time helium is mixed into the core, tending to make it less convective. Eventually a stage is reached where this process cannot continue without an interior point of the core becoming radiative. The core then splits into a fully convective region out to this point, and a growing convectively neutral semi-convective zone beyond. Figure 2 illustrates this situation. Until Model C the core is fully convective, but thereafter a certain mass fraction (between the broken lines in the top diagram) becomes semi-convective. The corresponding run of the convective criterion, VR/VACIJ is shown in the lower diagram. This semi-convective behaviour results in quite a large amount of helium (0.26 M®) participating in the core helium-burning phase, which is correspondingly prolonged. As the evolution proceeds, the helium-burning contribution to the luminosity of the star increases to a maximum of 45%, when the central helium abundance is 0.09, and then falls to 42% when the calculations were terminated at a central helium abundance of 0.02. Thus the hydrogen-burning shell remains the dominant source of energy throughout the entire evolution, during which it passes through a mass of 0.11 M®.
The evolutionary track of this sequence is shown in Figure 1 , together with a track for the evolution of a 1.5 M® Population I star from the main sequence to the helium flash (Robertson 5 ). The time markers are at intervals of 25 million years, and the whole helium coreburning has a duration of 1.75 x 10 8 yrs, in good agreement with Cannon's observational estimate. 1 Furthermore, a comparison of times on both evolutionary tracks reveals why the clump feature may be seen so prominently on observational diagrams.
Also outlined in Figure 1 is the stellar distribution for NGC 7789. It will be seen that the calculated track closely matches the position of the red giant clump, and reproduces the observed luminosity spread extremely well. The most unsatisfactory feature of Figure 1 is the absence of observed stars near the lower part of the 1.5 M® theoretical giant branch. This probably reflects the fact that the evolving stars in NGC 7789 have masses somewhat heavier than 1.5 M®. Following further calculations, we intend to produce isochromes for a more meaningful comparison.
Finally the fixed location of the red giant clump stars in clusters of varying ages is explained by the insensitivity of initial clump model position to total mass. The results indicate that a fixed location is to be expected, provided only that the variation of core mass with total mass is slight. This is in keeping with Iben's 6 result dM c /dM ~ -0.06 for this variation.
In summary these calculations have shown excellent agreement with Cannon's observational properties for the red giant clump stars, and have confirmed the identification of these stars with the helium core-burning phase of evolution.
